Background and Purpose-To assess the prevalence of premorbid undernutrition and its impact on outcomes 1 month after stroke. Methods-The study recruited from consecutive stroke admissions during a 10-month period. Premorbid nutritional status (using the subjective global assessment [SGA]), premorbid functioning (modified Rankin scale [MRS]), and stroke severity (National Institutes of Health Stroke Scale [NIHSS] score) were assessed at admission. The associations between premorbid nutritional status, poor outcome (defined as MRS Ն3), and mortality were examined before and after adjustment for confounding variables, including age, gender, stroke risk factors, stroke severity, and admission serum albumin. Results-Thirty of 185 patients were assessed as having undernutrition at admission. Significant unadjusted associations were observed between undernutrition and poor outcome (odds ratio [OR], 3.4; 95% CI, 1.3 to 8.7; Pϭ0.01), and mortality (OR, 3.1, 95% CI, 1.3 to 7.7; Pϭ0.02) at 1 month. NIHSS, age, and premorbid MRS were also significantly associated with poor outcomes. After adjustment for these factors, the effect size of associations remained important but not significant (poor outcome: OR, 2.4; 95% CI, 0.7 to 9.0, Pϭ0.18; mortality: OR, 3.2; 95% CI, 1.0 to 10.4, Pϭ0.05). Conclusions-Premorbid undernutrition, as assessed using the SGA, appears to be an independent predictor of poor stroke outcome. Stroke prevention strategies should target undernutrition in the population at risk for stroke to improve outcomes.
U ndernutrition is common in hospitalized patients. Undernutrition rates of Յ50% have been reported in studies involving surgical, 1 medical, 1,2 geriatric, 3 and stroke 4 -11 patients. Despite the recognized frequency of undernutrition, the impact it has on clinical outcome has not been studied widely, particularly in stroke.
Recent studies provide some indication that poor nutrition may influence outcome after stroke. Davalos et al 9 and Gariballa et al 8 found nutrition assessed after admission to be associated with mortality and dependence at 1 month after stroke. More recently, the FOOD Trial 10 investigators found postadmission nutrition to be associated with death and dependence at 6 months after stroke.
Several of these studies 6, 8, 9, 12 relied on serum albumin as a marker for nutritional status. This can be a useful measure where acute changes in nutrition need to be assessed during time frames of Ͻ1 month. 8, 9 However, it is sometimes difficult to distinguish between changes in serum albumin as a result of nutrition versus underlying disease processes. 8, 9, 13 This problem was reported in acute stroke by Davalos et al, 9 in which stroke severity influenced serum albumin measures. Additionally, there may be a delayed change in serum albumin after a change in nutritional status attributable to the long half life of albumin. [13] [14] [15] The FOOD Trial investigators 10 recently reported on a study that used a combination of subjective assessment, weight/height measurement, blood tests, and anthropometry. This might be expected to give a more complete picture of nutritional status. However, these methods were not applied consistently across the study population.
The aim of the present study was to assess the impact of premorbid undernutrition on stroke outcome via the consistent application of a validated nutritional assessment methodology, the subjective global assessment (SGA). 13,16 -19 SGA gives a subjective assessment of nutrition on the basis of a detailed structured nutritional history and physical examination and is independent of acute physiological measurements. This article reports our finding of premorbid undernutrition prevalence in a cohort of stroke patients and its impact on outcomes at 1 month after stroke. 
Materials and Methods

Participants
Data Collection
All patients were assessed within 24 hours of stroke. Data were obtained directly from patients via their next of kin or from medical records. Demographic data, stroke factors, serum albumin, stroke severity, premorbid functional capacity, and premorbid nutritional status were assessed at baseline. Stroke severity was assessed using the National Institutes of Health stroke score (NIHSS). [21] [22] [23] [24] [25] [26] Premorbid functional capacity was measured using the modified Rankin scale (MRS) [27] [28] [29] [30] and was repeated at 1 month as one of the primary outcomes. Premorbid nutritional status was assessed at admission using SGA. 16 -19,31 Baseline serum albumin was recorded as a comparative measure given its use as a marker for nutritional status in previous studies.
Primary Outcomes
The primary outcomes for this study were mortality and "poor outcome," defined as MRS Ն3, measured at 30 days after stroke. The rating MRS Ն3 was used to maintain consistency with the baseline assessment.
Nutritional Assessment
SGA was applied in this study as described originally by Detsky et al. 16 SGA determines nutritional status on the basis of a clinical evaluation of patient history and a physical examination. 16, 31 The patient history is a structured questionnaire administered by the assessor and details weight changes, dietary intake, gastrointestinal symptoms, functional capacity, and disease. The physical examination assesses subcutaneous fat, muscle wasting, edema, and ascites. For each of these subcriteria, the assessor gives a rating on a 3-point ordinal scale. An overall rating for nutritional status is then determined on the basis of subcriteria ratings assessment. Patient nutritional status is rated by the assessor as well nourished (A rating), moderately undernourished (B rating), or severely undernourished (C rating). For analytical purposes, in our study, patients with an SGA rating of B or C were considered "undernourished," whereas patients with an A rating were considered "well nourished." The decision to combine the B and C ratings was made when results revealed only 1 patient with a C rating.
Ethics
This study was approved by the hospital human research ethics committee. Written informed consent was obtained from patients or their next of kin in cases in which a patient could not communicate.
Statistical Analysis
Comparisons of baseline variables by outcomes and premorbid nutrition were undertaken using the Fisher exact test for categorical variables and an unpaired t test for continuous variables, respectively. Significant potential confounders (including serum albumin), the nutrition variables of interest, and all 2-way interactions were then entered into logistic regression models, and the most parsimonious models were derived using manual backward elimination methods. 32 This analytical approach was selected because the sample size was not large (only nϭ185), and we had a number of potentially important independent variables, but their relationship to the dependent variable or each other was not well understood. Moreover, these independent variables were not "design," "structural," or "cluster" variables that necessitated their automatic inclusion in the regression model. Statistical analyses were performed using the Statistical Package for the Social Sciences version 11 (SPSS for Windows), and the significance level ␣ϭ0.05 was used for all statistical comparisons.
Results
A total of 220 patients were screened at admission. The figure depicts the recruitment process. Thirty-five patients were ineligible to participate, refused consent, or failed to complete the study, leaving 185 patients for analysis.
At admission, premorbid undernutrition was found in 30 (16%) patients. At 1 month after stroke, 28 (15%) patients had died and 108 (58%) patients had a poor outcome (MRS Ն3). Crude data analysis (Table 1) revealed associations between premorbid nutrition, premorbid residential status, and stroke history (PϽ0.05) but no association with stroke risk factors such as atrial fibrillation, diabetes mellitus, hypertension, or hyperlipidemia. None of these factors were associated with mortality, and only premorbid residential status and atrial fibrillation were associated with poor outcome (PϽ0.05). Low serum albumin at admission (Յ34g/L) was associated with premorbid nutrition (PϽ0.001) and mortality at 1 month (PϽ0.05) but not poor outcome at 1 month.
Investigating the colinearities and relationships among significant independent variables, age, premorbid MRS, premorbid SGA, and the outcome variables appeared to produce unstable estimates with large associated CIs. It emerged that only 3 of 93 (3%) patients aged Յ74 years had a premorbid Recruitment process.
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MRS Ն3, whereas 21 of 92 (23%) patients aged Ն75 years had premorbid MRS Ն3. To ensure stability within the regression model, these 2 variables were combined and recategorized into 3 groups, namely: (1) Ͻ75 years; (2) Ն75 years and premorbid MRS Յ2; and (3) Ն75 years and premorbid MRS Ն3. The final adjusted model for mortality at 1 month included NIHSS (PϽ0.001) only, whereas the adjusted model for poor outcome (MRS Ն3) included NIHSS (PϽ0.001) and the combined age and premorbid MRS (Pϭ0.02), as shown in Table 2 .
A variation to this model excluded patients with premorbid MRS Ն3 (nϭ161) on the basis that the excluded patients had already achieved a poor outcome before the stroke. For mortality, this model was adjusted for NIHSS (odds ratio
[OR], 2.9; 95% CI, 0.7 to 11.6). For poor outcome (MRS Ն3), the model was adjusted for NIHSS and age dichotomized at Ͻ75 or Ն75 years (OR, 3.7; 95% CI, 0.9 to 14.7).
Discussion
This study found a significant crude association among premorbid nutritional status and mortality (OR, 3.1; Pϭ0.02) and poor outcome (OR, 3.4; Pϭ0.01) at 1 month. After adjustment for factors such as age, premorbid dependence, and stroke severity, an important effect size was seen between these variables, but this was not statistically significant (mortality: OR, 3.2, Pϭ0.05; poor outcome: OR, 2.4, Pϭ0.18). The most important finding of our study is that there appears to be an association between premorbid nutrition and stroke outcomes. The importance of this finding is indicated by the effect size of this association. Although the adjusted data were not statistically significant, the modifiable nature of nutrition status suggests that this is an important finding for clinical practice and stroke prevention strategies.
The results of this study are strengthened by the methodology used to assess nutritional status. SGA methodology provides an assessment of nutritional status using a medical history of the preceding weeks and months and a physical examination at the time of assessment. On the basis of these data, SGA is a sound estimate of premorbid nutrition because it accounts for the nutritional impact of a broad range of factors such as poor premorbid functioning, types and quantities of nutrition, and gastrointestinal system functioning. Deficiencies in these types of nutritional factors are often prevalent in the population at risk for stroke.
Another strength of this study is independence of the nutritional assessment by SGA from poststroke biochemical data. On the basis of crude data, nutrition by SGA was found to be associated with both outcomes, whereas nutrition by baseline serum albumin was associated only with mortality (Table 1) . Detailed comparative studies with objective nutrition measures such as serum albumin have been reported previously. 13, 17 Detsky et al 18 found SGA to have better predictive ability than objective measures for predicting postoperative complications and a high degree of inter-rater reliability (91% nurse-physician agreement; ϭ0.78). The sensitivity (0.82) and specificity (0.72) of SGA 17 were reported as superior to other nutrition measures such as body fat percentage, delayed cutaneous hypersensitivity, serum albumin, serum transferrin, creatine height index, and prognostic nutritional index. This body of evidence suggests that SGA may be an improvement on these more traditional nutritional assessment methods.
Previous studies have tended to rely on serum albumin as a measure of nutritional status. Gariballa et al 8 reported that several markers of nutrition tended to decline throughout admission; however, serum albumin was the only marker associated with outcomes (mortality or poor functional outcome). In a similar study of poststroke nutrition, Davalos et al 9 reported a tendency for nutrition (assessed by serum albumin) to be associated with stress response, stroke severity, and swallowing difficulties. In contrast, the present study found no association between nutrition and stroke severity (Pϭ0.7). For both previous studies, the reported associations may have been related to use of serum albumin as the primary measure of nutrition as evidenced by the reported association between stroke severity and serum albumin. 8, 9 Although baseline measurements of serum albumin (Ͻ24 hours) may not be affected by the acute stress response after stroke, serial measures introduce stress response and stroke severity as potential confounders in nutritional assessment.
Less emphasis was placed on serum albumin in the FOOD Trial, 10 in which a composite measure of nutritional status was used. The method included an unstructured subjective bedside assessment 10, 33 (60% of cases), weight/BMI (20%), blood indices (11%), and anthropometry (2%). Although using a combination of nutritional measures is common, these methods were applied inconsistently throughout this study.
Potential limitations of our study relate primarily to sample size and to the intrinsic difficulties in measuring nutrition. The limitation of sample size is observable in Table 2 , in which effect size of the associations remained steady after adjustment despite a decrease in statistical significance. These data suggest that a larger sample size may have produced statistically significant results.
A more complex set of issues arises in relation to nutritional assessment. The subjective nature of SGA lends itself to potential bias. It may be argued that a patient history is potentially biased by the incidence of a sudden onset of symptoms such as stroke. Although this is possible, the impact of this bias on clinician assessment is no different to bias observed in usual clinical practice. Such bias is filtered essentially by the clinical assessment. After this, potential bias may occur because of differences in clinical judgment. This source of bias has been shown to be minimal in previous reports of inter-rater reliability studies. 18 Another potential limitation of this study is that it may be argued that a longitudinal study of a "healthy" population at risk for stroke is a more accurate means for assessing premorbid nutrition. This may be the case; however, in designing a low-cost, clinically pragmatic study such as ours, it is suggested that the use of SGA provides an adequate estimate of nutrition in the weeks and months preceding the clinical event.
Finally, another issue is the impact of illness on nutrition before the stroke event. This was a particular issue with our study because a significant proportion of participants had achieved a poor outcome (MRS Ն3) before the stroke event (nϭ24). However, for SGA, this is less of an issue than for measurements such as poststroke serum albumin. SGA accounts for previous functioning and its impact on nutrition. In addition, analysis of the subgroup with good premorbid functioning suggests that nutrition (by SGA) remains a significant predictor of poor outcome after adjustment for stroke severity and older age (OR, 3.7; 95% CI, 0.9 to 14.7; Pϭ0.06; nϭ161).
Our results imply that for people at risk of stroke, maintenance of good nutrition may influence their survival or their level of independence poststroke, independent of other factors. With an incidence of premorbid undernutrition of 16% in our study population, this study suggests that attention to nutrition when considering other stroke prevention strategies may improve outcomes for a significant proportion of the at-risk population.
In keeping with previous studies, we also found older people, 34, 35 especially those with impaired functional capacity, and those living in aged care facilities 36 -38 to be more susceptible to undernutrition. These groups in particular need to be targeted by nutrition improvement strategies to limit the impact undernutrition has on stroke outcomes.
In summary, this study has shown that premorbid undernutrition may increase the risk of poor outcome at 1 month after stroke. Importantly, this study measured premorbid undernutrition, which was the only modifiable risk factor to show an important effect size for both outcomes that approached statistical significance. These results suggest that strategies aimed at improving premorbid nutrition in the population at risk for stroke may improve poststroke outcomes. Such strategies might include screening for undernutrition among the stroke-age population using SGA and nutrition improvement programs aimed at older people, either living at home or in supported aged care facilities.
